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(57) ABSTRACT

System and method are provided for driving a transistor. The
system includes a floating-voltage generator, a first driving
circuit, and a second driving circuit. The floating-voltage
generator is configured to receive a first bias voltage and
generate a floating voltage, the floating-voltage generator
being further configured to change the floating voltage if the
first bias voltage changes and to maintain the floating voltage
to be lower than the first bias voltage by a first predetermined
value in magnitude. The first driving circuit is configured to
receive an input signal, the first bias voltage and the floating
voltage. The second driving circuit is configured to receive
the input signal, a second bias voltage and a third bias voltage,
the first driving circuit and the second driving circuit being
configured to generate an output signal to drive a transistor.

14 Claims, 8 Drawing Sheets
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1
SYSTEMS AND METHODS FOR DRIVING
TRANSISTORS WITH HIGH THRESHOLD
VOLTAGES

1. CROSS-REFERENCES TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/297,085, filed Nov. 15, 2011, which claims
priority to Chinese Patent Application No. 201110317087.1,
filed Oct. 12, 2011, commonly assigned, both of the above-
referenced applications being incorporated by reference
herein for all purposes.

2. BACKGROUND OF THE INVENTION

The present invention is directed to integrated circuits.
More particularly, the invention provides systems and meth-
ods for driving transistors. Merely by way of example, the
invention has been applied for driving a transistor with a high
threshold voltage. But it would be recognized that the inven-
tion has a much broader range of applicability.

In high voltage applications, a power field-effect transistor
(FET) often should have a high drain-source breakdown volt-
age (e.g., >100V). Such a power FET usually has a threshold
voltage of 3-4 V. Using a gate driver with a low output voltage,
for example, 5V to drive the power FET often results in a high
turn-on resistance or incomplete turn-on of the power FET.
Hence, a gate driver with a relatively high output voltage that
is larger than 5 V (e.g., the output voltage being 8-10 V) is
often needed.

FIG. 1 is a simplified conventional diagram showing a
system 100 for driving a transistor 104. The gate-driving
system 100 includes a gate driver 102 and a transistor 104.
The gate driver 102 includes a power source 122, and four
inverters 124, 126, 128 and 130. The inverter 124 includes
transistors 106 and 114 that are connected with each other,
and the inverter 126 includes transistors 108 and 116 that are
connected with each other. Additionally, the inverter 128
includes transistors 110 and 118 that are connected with each
other, and the inverter 130 includes transistors 112 and 120
that are connected with each other. The four inverters 124,
126, 128 and 130 are connected in cascade. For example, the
transistors 106, 108, 110, and 112 are P-channel FETs, and
the transistors 114,116, 118, and 120 are N-channel FETs. In
another example, the transistor 104 is a power FET. The
power source 122 provides a low-level bias voltage 132 (e.g.,
GND) and a high-level bias voltage 134 (e.g., V) to each of
the cascaded inverters 124, 126, 128 and 130.

An input signal 136 (e.g., GATE_IN) is received by the
cascaded inverters 124,126, 128 and 130, and in response the
gate driver 102 generates an output signal 138 to drive the
transistor 104. Specifically, in operation, the inverter 124
receives the input signal 136 (e.g., GATE IN), and generates
a first inverted signal 140. The inverter 126 receives the first
inverted signal 140, and generates a second inverted signal
142 which is received by the inverter 128. The inverter 128
then generates a third inverted signal 144 which is received by
the inverter 130. The inverter 130 finally generates the output
signal 138 for driving the transistor 104. For example, if the
input signal 136 is at a logic high level, the transistor 106 is
turned off and the transistor 114 is turned on. Then the first
inverted signal 140 is generated to be approximately equal to
the low-level bias voltage 132 (e.g., GND). The inverter 126
receives the first inverted signal 140, and the transistor 108 is
turned on while the transistor 116 is turned off The second
inverted signal 142 is generated to be approximately equal to
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2

the high-level bias voltage 134 (e.g., V). In turn, the third
inverted signal 144 is approximately equal to the low-level
bias voltage 132 (e.g., GND), and the output signal 138 is
approximately equal to the high-level bias voltage 134 (e.g.,
Vpp)- Then, the transistor 104 is turned on by the output
signal 138 if the transistor 104 is an N-channel FET. In
another example, when the input signal 136 is at a logic low
level, then the transistor 104 is turned off by the output signal
138 if the transistor 104 is an N-channel FET.

Usually, the transistors in the gate driver 102 (e.g., the
transistor 106, etc.) are high voltage devices of which manu-
facturing costs are often high. Further, these transistors usu-
ally have high turn-on resistance, and low driving capability
per unit area. Hence, to drive a same load, the transistors in the
gate driver 102 often use larger areas than low voltage
devices.

To improve the driving capability per unit area, a bootstrap
structure and low voltage devices are often used in a gate
driver. FIG. 2 is a simplified conventional diagram showing a
system 200 with a bootstrap structure for driving a transistor
204 . The gate-driving system 200 includes a gate driver 202
and a transistor 204. The gate driver 202 includes a low-side
driver 206, a high-side driver 208, and a power source 210.
The gate driver 202 further includes a bootstrap terminal 248
(e.g., BS). The low-side driver 206 includes the inverters 212,
214, 216 and 218, and a transistor 220. The high-side driver
208 includes the inverters 222, 224, 226 and 228, a level
shifter 230, a transistor 232, a boost capacitor 234, and a
diode 236. The inverters 212, 214, 216 and 218 are connected
in cascade, and the inverters 222, 224, 226 and 228 are con-
nected in cascade. For example, the transistors 220 and 232
are lateral-diffused MOSFETs (LDMOSs), such as lateral-
diffused N-channel MOSFETs. In another example, the tran-
sistor 204 is a power FET.

The power source 210 provides a high-level bias voltage
238 (e.g., Vp) and a low-level bias voltage 246 (e.g., GND)
to each of the inverters in the low-side driver 206. An input
signal 240 (e.g., GATE_IN) is provided to both the low-side
driver 206, and the high-side driver 208, and the gate driver
202 generates in response an output signal 242 to drive the
transistor 204. Specifically, in operation, in the low-side
driver 206, the inverter 212 receives the input signal 240 (e.g.,
GATE IN), and generates a first inverted signal 260. The
inverter 214 receives the first inverted signal 260, and gener-
ates a second inverted signal 262 which is received by the
inverter 216. The inverter 216 then generates a third inverted
signal 264 which is received by the inverter 218. The inverter
218 generates a signal 244 to drive the transistor 220. If the
transistor 220 is turned on by the signal 244 while the tran-
sistor 232 is off, then the output signal 242 (e.g., GATE_
OUT) becomes approximately equal to the low-level bias
voltage 246 (e.g., GND). For example, the high-level bias
voltage 238 (e.g., Vp)is S V.

On the other hand, the input signal 240 is also received by
the level shifter 230, and in response the level shifter 230
generates a signal 256. The cascaded inverters 222, 224, 226
and 228 receive the signal 256, and generate a signal 258 to
drive the transistor 232. A high-level bias voltage 252 (e.g.,
V oc) 1s provided to the transistor 232. If the transistor 232 is
turned on by the signal 258 while the transistor 220 is off, then
the output signal 242 (e.g., GATE_OUT) becomes approxi-
mately equal to the high-level bias voltage 252 (e.g., V).
For example, the bias voltage 252 (e.g., V) is 10 V.

The boost capacitor 234 operates to increase the voltage of
the bootstrap terminal 248 (e.g., BS) to be larger in magnitude
than the output signal 242 (e.g., GATE_OUT) by a predeter-
mined voltage, and to provide a voltage 250 for the high-side
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driver 208 to operate. The diode 236 operates to rectify a
current 254 flowing from the power source 210 to the diode
236 in order to prevent a current flowing from the high-side
driver 208 to the power source 210 if the voltage of the
bootstrap terminal 248 (e.g., BS) becomes larger than the bias
voltage 238 (e.g., V) provided by the power source 210.

The conventional gate driver 202 usually uses a bootstrap
structure including the boost capacitor 234 and the bootstrap
terminal 248 (e.g., BS) to provide a proper operating voltage
for the high-side driver 208. However, the boost capacitor 234
often has a capacitance of tens or hundreds of nanofarads, and
hence may not be easily incorporated into an integrated-
circuit (IC) chip. Further, the bootstrap terminal 248 is not
suitable if terminals (e.g., pins) are limited on an IC chip.
Additionally, the diode 236 is usually needed for the gate
driver 202 for rectifying the current 254. If the diode 236 is a
Schottky diode which often has good performance for recti-
fication, manufacturing costs may increase.

Hence it is highly desirable to improve techniques of driv-
ing transistors with high threshold voltages.

3. BRIEF SUMMARY OF THE INVENTION

The present invention is directed to integrated circuits.
More particularly, the invention provides systems and meth-
ods for driving transistors. Merely by way of example, the
invention has been applied for driving a transistor with a high
threshold voltage. But it would be recognized that the inven-
tion has a much broader range of applicability.

According to one embodiment, a system for driving a tran-
sistor includes a floating-voltage generator, a first driving
circuit, and a second driving circuit. The floating-voltage
generator is configured to receive a first bias voltage and
generate a floating voltage, the floating-voltage generator
being further configured to change the floating voltage if the
first bias voltage changes and to maintain the floating voltage
to be lower than the first bias voltage by a first predetermined
value in magnitude. The first driving circuit is configured to
receive an input signal, the first bias voltage and the floating
voltage. The second driving circuit is configured to receive
the input signal, a second bias voltage and a third bias voltage,
the first driving circuit and the second driving circuit being
configured to generate an output signal to drive a transistor.
Additionally, the first driving circuit includes a first driving
transistor, the first driving transistor being configured to
receive the first bias voltage and a first gate signal, the first
gate signal being associated with at least the input signal, the
first bias voltage, and the floating voltage. The second driving
circuitincludes a second driving transistor, the second driving
transistor being configured to receive the third bias voltage
and a second gate signal, the second gate signal being asso-
ciated with at least the input signal, the second bias voltage,
and the third bias voltage. The first driving transistor and the
second driving transistor are further configured to generate
the output signal. Moreover, if the first driving transistor is
turned on by the first gate signal, the second driving transistor
is turned off by the second gate signal. If the first driving
transistor is turned off by the first gate signal, the second
driving transistor is turned on by the second gate signal.

According to another embodiment, a method for driving a
transistor includes receiving a first bias voltage, processing
information associated with the first bias voltage, and gener-
ating a floating voltage based on at least information associ-
ated with the first bias voltage. The method further includes
receiving an input signal, the first bias voltage, a second bias
voltage, a third bias voltage, and the floating voltage, process-
ing information associated with the input signal, the first bias
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voltage, the second bias voltage, the third bias voltage and the
floating voltage, and generating an output signal to drive a
transistor based on at least information associated with the
input signal, the first bias voltage, the second bias voltage, the
third bias voltage and the floating voltage. Additionally, the
process for generating the floating voltage based on at least
information associated with the first bias voltage includes:
changing the floating voltage if the first bias voltage changes,
and maintaining the floating voltage to be lower than the first
bias voltage by a first predetermined value in magnitude.

According to yet another embodiment, a system for driving
atransistor includes a first driving circuit and a second driving
circuit. The first driving circuit is configured to receive an
input signal, a first bias voltage and a second bias voltage, the
first driving circuit including a current mirror circuit, a
switch, and a current sink. The second driving circuit is con-
figured to receive the input signal and the second bias voltage,
the first driving circuit and the second driving circuit being
configured to generate an output signal to drive a transistor.
Additionally, the switch is configured to receive the input
signal. The current sink is configured to generate a first cur-
rent. The current mirror circuit is coupled to the current sink
through the switch and configured to generate a second cur-
rent based on the first current. Moreover, the output signal is
generated based on at least information associated with the
second current.

According to yet another embodiment, a method of driving
a transistor includes receiving an input signal, a first bias
voltage and a second bias voltage, processing information
associated with the input signal, the first bias voltage and the
second bias voltage, and generating a first current based on at
least information associated with the input signal, the first
bias voltage and the second bias voltage. The method further
includes processing information associated with the first cur-
rent, generating a second current based on at least information
associated with the first current, and processing information
associated with the second current. Additionally, the method
includes generating an output signal to drive a transistor
based on at least information associated with the second
current. Moreover, the second current is proportional to the
first current in magnitude.

Many benefits are achieved by way of the present invention
over conventional techniques. Certain embodiments of the
present invention use a low dropout regulator (LDO) that
sinks currents to provide a proper operating voltage for driv-
ing a transistor, without using a conventional high-voltage-
device gate-driving structure or a bootstrap structure. Some
embodiments of the present invention provide a proper oper-
ating voltage for driving a transistor, without using a boost
capacitor or a bootstrap terminal. Certain embodiments ofthe
present invention use low-voltage devices to construct a gate-
driving structure and provide a cost-effective solution for
driving a transistor.

Depending upon embodiment, one or more benefits may be
achieved. These benefits and various additional objects, fea-
tures and advantages of the present invention can be fully
appreciated with reference to the detailed description and
accompanying drawings that follow.

4. BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a simplified conventional diagram showing a
system for driving a transistor.

FIG. 2 is a simplified conventional diagram showing a
system with a bootstrap structure for driving a transistor.
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FIG. 3 is a simplified diagram showing a system for driving
atransistor according to an embodiment of the present inven-
tion.

FIG. 4 is a simplified diagram showing a floating-ground
component for generating a floating-ground signal according
to an embodiment of the present invention.

FIG. 5 is a simplified diagram showing a floating-ground
component for generating a floating-ground signal according
to one embodiment of the present invention.

FIG. 6 is a simplified diagram showing a floating-ground
component for generating a floating-ground signal according
to another embodiment of the present invention.

FIG. 7 is a simplified diagram showing a floating-ground
component for generating a floating-ground signal according
to yet another embodiment of the present invention.

FIG. 8 is a simplified diagram showing a system for driving
a transistor according to another embodiment of the present
invention.

5. DETAILED DESCRIPTION OF THE
INVENTION

The present invention is directed to integrated circuits.
More particularly, the invention provides systems and meth-
ods for driving transistors. Merely by way of example, the
invention has been applied for driving a transistor with a high
threshold voltage. But it would be recognized that the inven-
tion has a much broader range of applicability.

FIG. 3 is a simplified diagram showing a system 300 for
driving a transistor according to an embodiment of the present
invention. This diagram is merely an example, which should
not unduly limit the scope of the claims. One of ordinary skill
in the art would recognize many variations, alternatives, and
modifications.

The gate-driving system 300 includes a gate driver 302 and
atransistor 304. The gate driver 302 includes a low-side driver
306, a high-side driver 308, and two power sources 310 and
312. The low-side driver 306 includes the inverters 314, 316,
318 and 320, and a transistor 322. The high-side driver 308
includes the inverters 324, 326, 328 and 330, a level shifter
332, a transistor 334, and a floating-ground component 336.
For example, the inverters 314, 316, 318 and 320 are con-
nected in cascade. In another example, the inverters 324, 326,
328 and 330 are connected in cascade. In yet another
example, the transistor 304 is a power FET. In yet another
example, the transistor 322 is an N-channel FET. In yet
another example, the transistor 334 is a P-channel FET.

According to one embodiment, the power source 312 pro-
vides a high-level bias voltage 340 (e.g., V ;) and alow-level
bias voltage 342 (e.g., GND) to the low-side driver 306. For
example, the power source 310 provides a high-level bias
voltage 338 (e.g., V) to the high-side driver 308. In another
example, the high-level bias voltage 340 (e.g., V) is SV. In
yet another example, the high-level bias voltage 338 (e.g.,
Vee)is 10V

According to another embodiment, an input signal 344
(e.g., GATE_IN) is provided to both the low-side driver 306,
and the high-side driver 308. For example, in response, the
gate driver 302 generates an output signal 346 (e.g., GATE-
_OUT) for driving the transistor 304. In another example, in
operation, in the low-side driver 306, the inverter 314 receives
the input signal 344 (e.g., GATE IN), and generates a first
inverted signal 356. In yet another example, the inverter 316
receives the first inverted signal 356, and generates a second
inverted signal 358 which is received by the inverter 318. In
yet another example, the inverter 318 then generates a third
inverted signal 360 which is received by the inverter 320. In
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yet another example, the inverter 320 generates a signal 348
to drive the transistor 322. In yet another example, if the
transistor 334 in the high-side driver 308 is turned off, the
transistor 322 is turned on by the signal 348. In yet another
example, the output signal 346 (e.g., GATE_OUT) becomes
approximately equal to the low-level bias voltage 342 (e.g.,
GND).

According to yet another embodiment, the level shifter 332
receives the input signal 344 (e.g., GATE_IN), and in
response generates a signal 352. For example, the cascaded
inverters 324, 326, 328 and 330 receive the signal 352, and
generate a signal 354 to drive the transistor 334. In another
example, if the transistor 322 is turned off by the signal 348,
the transistor 334 is turned on by the signal 354. In yet another
example, the output signal 346 (e.g., GATE_OUT) becomes
approximately equal to the high-level bias voltage 338 (e.g.,
Veo)

According to yet another embodiment, the floating-ground
component 336 receives the high-level bias voltage 338 (e.g.,
Vo), and in response generates a floating-ground signal 350
(e.g., HS_GND). For example, the floating-ground compo-
nent 336 automatically tracks the high-level bias voltage 338
(e.g., V) to generate the floating-ground signal 350 (e.g.,
HS_GND). In another example, if the high-level bias voltage
338 (e.g., V) changes continuously in magnitude, the float-
ing-ground component 336 automatically changes the float-
ing-ground signal 350 (e.g., HS_GND) continuously in mag-
nitude to follow the high-level bias voltage 338 (e.g., V). In
yet another example, the floating-ground signal 350 (e.g.,
HS_GND) is maintained to be lower in magnitude than the
high-level bias voltage 338 (e.g., V) by a predetermined
voltage V. In another example, the floating-ground signal
350 (e.g., HS_GND) is provided as a bias voltage to the
cascaded inverters 324, 326,328 and 330, and the level shifter
332. In yet another example, the operating voltage of the
high-side driver 308 is no larger than the difference between
the high-level bias voltage 338 (e.g., V) and the floating-
ground signal 350 (e.g., HS_GND), e.g., the predetermined
voltage V,,. In yet another example, the predetermined volt-
ageV,yis 5V.

FIG. 4 is a simplified diagram showing a floating-ground
component 400 for generating a floating-ground signal
according to an embodiment of the present invention. This
diagram is merely an example, which should not unduly limit
the scope of the claims. One of ordinary skill in the art would
recognize many variations, alternatives, and modifications.
The floating-ground component 400 includes a reference-
voltage generator 402, a current sink 404, two resistors 406
and 408, and a capacitor 410. For example, the floating-
ground component 400 is the same as the floating-ground
component 336 as part of the gate-driving system 300.

According to one embodiment, the resistor 408 and the
capacitor 410 are coupled with each other in parallel. For
example, the resistor 408 and the capacitor 410 are coupled to
the current sink 404 and the reference-voltage generator 402.
In another example, the resistor 406 is coupled to the refer-
ence-voltage generator 402 and the current sink 404. In yet
another example, the current sink 404 is a source follower. In
yet another example, the current sink 404 is an emitter fol-
lower.

According to another embodiment, a high-level bias volt-
age 412 (e.g., V) is provided to the reference-voltage gen-
erator 402, the resistor 408 and the capacitor 410. For
example, the reference-voltage generator 402 in response
generates a reference voltage signal 414 (e.g., V). In another
example, the reference-voltage generator 402 changes the
reference voltage signal 414 (e.g., V) if the high-level bias
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voltage 412 (e.g., V) changes. In yet another example, the
resistor 406 and the current sink 404 receive the reference
voltage signal 414 (e.g., V). In yet another example, the
current sink 404 and the resistor 406 also receive a low-level
bias voltage 418 (e.g., GND). In yet another example, a float-
ing-ground signal 416 (e.g., HS_GND) is generated by the
floating-ground component 400. In yet another example, the
difference between the high-level bias voltage 412 (e.g., V o)
and the floating-ground signal 416 (e.g., HS_GND) can be
kept no larger than a predetermined voltage V, by properly
adjusting the reference voltage signal 414 (e.g., V) and the
voltage of the current sink 404. In yet another example, the
floating-ground signal 416 (e.g., HS_GND) is lower than the
high-level bias voltage 412 (e.g., V). In yet another
example, the floating-ground signal 416 (e.g., HS_GND) is
the same as the floating-ground signal 350. In yet another
example, the current sink 404 (e.g., a source follower or an
emitter follower) operates together with the resistor 408 for
sinking currents and keeping the magnitude of the floating-
ground signal 416 (e.g., HS_GND) approximately at a
desired level. In yet another example, the high-level bias
voltage 412 (e.g., V) is 10 V. In yet another example, the
predetermined voltage V| is 5 V. In yet another example, the
reference voltage signal 414 (e.g., V) is maintained to be
lower than the high-level bias voltage 412 (e.g., V) by a
predetermined value V, in magnitude. In yet another example,
the predetermined value V, is different from the predeter-
mined voltage V.

FIG. 5 is a simplified diagram showing a floating-ground
component 500 for generating a floating-ground signal
according to one embodiment of the present invention. This
diagram is merely an example, which should not unduly limit
the scope of the claims. One of ordinary skill in the art would
recognize many variations, alternatives, and modifications.

The floating-ground component 500 includes a reference-
voltage generator 502, a current sink 504, two resistors 506
and 508, and a transistor 510. The reference-voltage genera-
tor 502 includes a resistor 520, a diode 522, and a transistor
524. The current sink 504 includes two transistors 526 and
528. For example, the floating-ground component 500 is the
same as the floating-ground component 336 as part of the
gate-driving system 300. In another example, the floating-
ground component 500 is the same as the floating-ground
component 400. In yet another example, the diode 522 is a
Zener diode. In yet another example, the transistor 524 is an
N-P-N bipolar junction transistor (BJT). In yet another
example, the transistors 526 and 528 are Darlington-con-
nected P-N-P BITs. In yet another example, the transistor 510
is a P-channel FET.

According to one embodiment, the source and drain of the
transistor 510 are coupled together. For example, the resistor
508 and the transistor 510 are coupled with each other. In
another example, the resistor 508 and the transistor 510 are
coupled to the current sink 504 and the reference-voltage
generator 502. In yet another example, the resistor 506 is
coupled to the reference-voltage generator 502 and the cur-
rent sink 504.

According to another embodiment, a high-level bias volt-
age 512 (e.g., V) is provided to the reference-voltage gen-
erator 502, the resistor 508 and the transistor 510. For
example, the reference-voltage generator 502 in response
generates a reference voltage signal 514 (e.g., V). In another
example, the resistor 506 and the current sink 504 receive the
reference voltage signal 514 (e.g., V). In yet another
example, the current sink 504 and the resistor 506 also receive
a low-level bias voltage 518 (e.g., GND). In yet another
example, a floating-ground signal 516 (e.g., HS_GND) is
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generated by the floating-ground component 500. In yet
another example, the difference between the high-level bias
voltage 512 (e.g., V) and the floating-ground signal 516
(e.g., HS_GND) can be kept no larger than a predetermined
voltage V, by properly adjusting the reference voltage signal
514 (e.g., V) and the voltage of the current sink 504. In yet
another example, the floating-ground signal 516 (e.g.,
HS_GND) is lower than the high-level bias voltage 512 (e.g.,
Vo). Inyet another example, the floating-ground signal 516
(e.g., HS_GND) is the same as the floating-ground signal 350
or the floating-ground signal 416. In yet another example, the
high-level bias voltage 512 (e.g., V) is 10 V. In yet another
example, the predetermined voltage V, is 5 V.

According to yet another embodiment, the resistor 520
operates for adjusting the difference between the high-level
bias voltage 512 (e.g., V) and the floating-ground signal
516 (e.g., HS_GND). For example, the transistors 526 and
528 operate together with the resistor 508 for sinking currents
and keeping the magnitude of the floating-ground signal 516
(e.g., HS_GND) approximately at a desired level. In another
example, the transistor 510 operates as a capacitor to keep the
difference between the high-level bias voltage 512 (e.g., V o)
and the floating-ground signal 516 (e.g., HS_GND) from
changing significantly. In yet another example, the transistor
524 operates to reduce the effect of the base-emitter voltage of
the transistor 526 on the floating-ground signal 516 (e.g.,
HS_GND). In yet another example, the resistor 506 operates
to provide a direct current path for the diode 522 and the
transistor 526.

According to yet another embodiment, the difference
between the high-level bias voltage 512 (e.g., V) and the
floating-ground signal 516 (e.g., HS_GND) can be deter-
mined based on the following equation:

Vee=Vas_anp=I¥Ri+Vor_zenertVae1=Vaea—Vaes (Equation 1)

where V ... represents the high-level bias voltage 512, and
Vaus_enp represents the floating-ground signal 516. Addi-
tionally, I, represents a reverse break-down current of the
diode 522,V,, _.,.,represents a reverse break-down voltage
of the diode 522, and R, represents the resistance of the
resistor 520. Furthermore, V., represents the base-emitter
voltage of the transistor 524, V 5., represents the base-emitter
voltage of the transistor 526, and V., represents the base-
emitter voltage of the transistor 528.

For example, according to Equation 1, the resistance of the
resistor 520 (e.g., R;) can be set properly based on certain
device characteristics of the diode 522 (e.g., a particular rela-
tionship of the reverse break-down voltage and the reverse
break-down current of the diode 522) in order to keep the
difference between the high-level bias voltage 512 and the
floating-ground signal 516 no larger than the predetermined
voltage V,. In another example, the reverse break-down volt-
age of the diode 522 (e.g., V,; _...,) is equal to 6 V, the
base-emitter voltage of the transistor 524 (e.g., V) and the
base-emitter voltage of the transistor 526 (e.g., V) are both
equal to the forward voltage of their respective diodes, for
example, 0.65V, and the base-emitter voltage of the transistor
528 (e.g., Vzz3) is equal to another forward voltage of its
respective diode, for example, 0.8 V. Then, the difference
between the high-level bias voltage 512 and the floating-
ground signal 516 can be determined, according to Equation
1, to be equal to 5.2V, according to certain embodiments. In
another example, the resistance of the resistor 520 (e.g., R,)
can be adjusted properly to reduce the deviation of the float-
ing-ground signal 516 caused by random manufacturing
errors.
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According to yet another embodiment, the transistors 526
and 528 are Darlington-connected P-N-P BJTs, and receive
the voltage signal 514 (e.g., V). For example, the transistors
526 and 528 operate together with the resistor 508 to form an
emitter follower as a current sink.

FIG. 6 is a simplified diagram showing a floating-ground
component 600 for generating a floating-ground signal
according to another embodiment of the present invention.
This diagram is merely an example, which should not unduly
limit the scope of the claims. One of ordinary skill in the art
would recognize many variations, alternatives, and modifica-
tions.

The floating-ground component 600 includes a reference-
voltage generator 602, a current sink 604, two resistors 606
and 608, and a transistor 610. The reference-voltage genera-
tor 602 includes a resistor 620, a diode 622, and a transistor
624. The current sink 604 includes a transistor 626. For
example, the floating-ground component 600 is the same as
the floating-ground component 336 as part of the gate-driving
system 300. In another example, the floating-ground compo-
nent 600 is the same as the floating-ground component 400. In
yet another example, the diode 622 is a Zener diode. In yet
another example, the transistor 624 is an N-P-N bipolar junc-
tion transistor (BJT). In yet another example, the transistor
626 is a P-channel FET. In yet another example, the transistor
610 is a P-channel FET.

According to one embodiment, the source and drain of the
transistor 610 are coupled together. For example, the resistor
608 and the transistor 610 are coupled with each other. In
another example, the resistor 608 and the transistor 610 are
coupled to the current sink 604 and the reference-voltage
generator 602. In yet another example, the resistor 606 is
coupled to the reference-voltage generator 602 and the cur-
rent sink 604.

According to another embodiment, a high-level bias volt-
age 612 (e.g., V) is provided to the reference-voltage gen-
erator 602, the resistor 608 and the transistor 610. For
example, the reference-voltage generator 602 in response
generates a reference voltage signal 614 (e.g., V). In another
example, the resistor 606 and the current sink 604 receive the
reference voltage signal 614 (e.g., V). In yet another
example, the current sink 604 and the resistor 606 also receive
a low-level bias voltage 618 (e.g., GND). In yet another
example, a floating-ground signal 616 (e.g., HS_GND) is
generated by the floating-ground component 600. In yet
another example, the difference between the high-level bias
voltage 612 (e.g., V) and the floating-ground signal 616
(e.g., HS_GND) can be kept no larger than a predetermined
voltage V; by properly adjusting the reference voltage signal
614 (e.g., V) and the voltage of the current sink 604. In yet
another example, the floating-ground signal 616 (e.g.,
HS_GND) is lower than the high-level bias voltage 612 (e.g.,
Vo). Inyet another example, the floating-ground signal 616
(e.g., HS_GND) is the same as the floating-ground signal 350
or the floating-ground signal 416. In yet another example, the
high-level bias voltage 612 (e.g., V) is 10 V. In yet another
example, the predetermined voltage V5 is 5 V.

According to yet another embodiment, the resistor 620 and
the transistor 624 operate for adjusting the difference between
the high-level bias voltage 612 (e.g., V) and the floating-
ground signal 616 (e.g., HS_GND). For example, the transis-
tor 626 operates together with the resistor 608 for sinking
currents and keeping the magnitude of the floating-ground
signal 616 (e.g., HS_GND) approximately at a desired level.
In another example, the transistor 610 operates as a capacitor
to keep the difference between the high-level bias voltage 612
(e.g., Vo) and the floating-ground signal 616 (e.g.,
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HS_GND) from changing significantly. In yet another
example, the transistor 626 receives the voltage signal 614
(e.g., V), and operates together with the resistor 608 to form
a source follower as a current sink.

FIG. 7 is a simplified diagram showing a floating-ground
component 700 for generating a floating-ground signal
according to yet another embodiment of the present inven-
tion. This diagram is merely an example, which should not
unduly limit the scope of the claims. One of ordinary skill in
the art would recognize many variations, alternatives, and
modifications.

The floating-ground component 700 includes a reference-
voltage generator 702, a current sink 704, two resistors 706
and 708, and a capacitor 710. The reference-voltage generator
702 includes a resistor 720. The current sink 704 includes a
transistor 726. For example, the floating-ground component
700 is the same as the floating-ground component 336 as part
of'the gate-driving system 300. In another example, the float-
ing-ground component 700 is the same as the floating-ground
component 400. In yet another example, the transistor 726 is
a P-channel FET.

According to one embodiment, the resistor 708 and the
capacitor 710 are coupled with each other in parallel. In
another example, the resistor 708 and the capacitor 710 are
coupled to the current sink 704 and the reference-voltage
generator 702. In yet another example, the resistor 706 is
coupled to the reference-voltage generator 702 and the cur-
rent sink 704.

According to another embodiment, a high-level bias volt-
age 712 (e.g., V) is provided to the reference-voltage gen-
erator 702, the resistor 708 and the capacitor 710. For
example, the reference-voltage generator 702 in response
generates a reference voltage signal 714 (e.g., Vzzr). In
another example, if the high-level bias voltage 712 (e.g., V ~)
is constant in magnitude, the reference voltage signal 714
(e.g., Vzzr) is generated based on the voltage division
between the resistors 720 and 706. In another example, the
resistor 706 and the current sink 704 receive the reference
voltage signal 714 (e.g., V). In yet another example, the
current sink 704 and the resistor 706 also receive a low-level
bias voltage 718 (e.g., GND). In yet another example, a float-
ing-ground signal 716 (e.g., HS_GND) is generated by the
floating-ground component 700. In yet another example, the
difference between the high-level bias voltage 712 (e.g., V o)
and the floating-ground signal 716 (e.g., HS_GND) can be
kept no larger than a predetermined voltage V,, by properly
adjusting the reference voltage signal 714 (e.g., V) and the
voltage of the current sink 704. In yet another example, the
floating-ground signal 716 (e.g., HS_GND) is lower than the
high-level bias voltage 712 (e.g., V). In yet another
example, the floating-ground signal 716 (e.g., HS_GND) is
the same as the floating-ground signal 350 or the floating-
ground signal 416. In yet another example, the high-level bias
voltage 712 (e.g., V) is 10 V. In yet another example, the
predetermined voltage V,, is 5 V. In yet another example, the
resistance of the resistors 720 and 706 can be adjusted in order
to outputting the floating-ground signal 716 with a proper
magnitude. In yet another example, the transistor 726
receives the voltage signal 714 and operates together with the
resistor 708 to form a source follower as a current sink.

FIG. 8 is a simplified diagram showing a system 800 for
driving a transistor according to another embodiment of the
present invention. This diagram is merely an example, which
should not unduly limit the scope of the claims. One of
ordinary skill in the art would recognize many variations,
alternatives, and modifications.



US 9,276,571 B2

11

The gate-driving system 800 includes a gate driver 802 and
atransistor 804. The gate driver 802 includes a low-side driver
806 and a high-side driver 808. The low-side driver 806
includes a low-side driving component 816 and a transistor
820. The high-side driver 808 includes two transistors 812
and 814, aresistor 818, a diode 822, a switch 810 and a current
sink 826. For example, the diode 822 is a Zener diode. In
another example, the transistors 812 and 814 are P-channel
FETs, and are included in a current mirror circuit. In yet
another example, the switch 810 is an N-channel FET. In yet
another example, the transistor 820 is an N-channel FET. In
yet another example, a low-level bias voltage 828 (e.g., GND)
is provided to the low-side driver 806. In yet another example,
a high-level bias voltage 830 (e.g., V) is provided to the
high-side driver 808. In yet another example, the bias voltage
830 (e.g., Vo) is 10V.

According to one embodiment, an input signal 824 (e.g.,
GATE_IN) s provided to both the low-side driver 806 and the
high-side driver 808. For example, in response, the gate driver
802 generates an output signal 832 (e.g., GATE_OUT) to
drive the transistor 804. In another example, in operation, the
low-side driving component 816 receives the input signal 824
(e.g., GATE_IN), and generates in response a signal 838 to
drive the transistor 820. In yet another example, if the input
signal 824 (e.g., GATE_IN) is at the logic high level, the
signal 838 is at a logic low level, and the transistor 820 is
turned off. In yet another example, the input signal 824 (e.g.,
GATE_IN) is provided to the low-side driving component
816 directly, without going through the switch 810.

According to another embodiment, the high-side driver
808 receives the input signal 824 (e.g., GATE_IN) at the
switch 810. For example, if the input signal 824 (e.g.,
GATE_IN) is at a logic high level, the switch 810 is closed
(e.g., on). In yet another example, the current sink 826 gen-
erates a current 834 that flows through the switch 810 and the
transistor 812. In yet another example, the current 834 is
mirrored by the transistor 814, with a predetermined ratio, to
generate a current 836 that flows through the transistor 814.
Hence, the output signal 832 increases in magnitude accord-
ing to certain embodiments. For example, the current 834 and
the physical properties of the transistors 812 and 814 can be
adjusted properly to control the current 836. In another
example, the resistor 818 and the diode 822 operate to keep
the transistors 812 and 814 functioning properly.

According to yet another embodiment, a system for driving
a transistor includes a floating-voltage generator, a first driv-
ing circuit, and a second driving circuit. The floating-voltage
generator is configured to receive a first bias voltage and
generate a floating voltage, the floating-voltage generator
being further configured to change the floating voltage if the
first bias voltage changes and to maintain the floating voltage
to be lower than the first bias voltage by a first predetermined
value in magnitude. The first driving circuit is configured to
receive an input signal, the first bias voltage and the floating
voltage. The second driving circuit is configured to receive
the input signal, a second bias voltage and a third bias voltage,
the first driving circuit and the second driving circuit being
configured to generate an output signal to drive a transistor.
Additionally, the first driving circuit includes a first driving
transistor, the first driving transistor being configured to
receive the first bias voltage and a first gate signal, the first
gate signal being associated with at least the input signal, the
first bias voltage, and the floating voltage. The second driving
circuitincludes a second driving transistor, the second driving
transistor being configured to receive the third bias voltage
and a second gate signal, the second gate signal being asso-
ciated with at least the input signal, the second bias voltage,
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and the third bias voltage. The first driving transistor and the
second driving transistor are further configured to generate
the output signal. Moreover, if the first driving transistor is
turned on by the first gate signal, the second driving transistor
is turned off by the second gate signal. If the first driving
transistor is turned off by the first gate signal, the second
driving transistor is turned on by the second gate signal. For
example, the system is implemented according to at least FIG.
3, FIG. 4, FIG. 5, FIG. 6, and/or FIG. 7.

In one embodiment, a method for driving a transistor
includes receiving a first bias voltage, processing information
associated with the first bias voltage, and generating a floating
voltage based on at least information associated with the first
bias voltage. The method further includes receiving an input
signal, the first bias voltage, a second bias voltage, a third bias
voltage, and the floating voltage, processing information
associated with the input signal, the first bias voltage, the
second bias voltage, the third bias voltage and the floating
voltage, and generating an output signal to drive a transistor
based on at least information associated with the input signal,
the first bias voltage, the second bias voltage, the third bias
voltage and the floating voltage. Additionally, the process for
generating the floating voltage based on at least information
associated with the first bias voltage includes: changing the
floating voltage if the first bias voltage changes, and main-
taining the floating voltage to be lower than the first bias
voltage by a first predetermined value in magnitude. For
example, the method is implemented according to at least
FIG. 3, FIG. 4, FIG. 5, FIG. 6, and/or FIG. 7.

According to another embodiment, a system for driving a
transistor includes a first driving circuit and a second driving
circuit. The first driving circuit is configured to receive an
input signal, a first bias voltage and a second bias voltage, the
first driving circuit including a current mirror circuit, a
switch, and a current sink. The second driving circuit is con-
figured to receive the input signal and the second bias voltage,
the first driving circuit and the second driving circuit being
configured to generate an output signal to drive a transistor.
Additionally, the switch is configured to receive the input
signal. The current sink is configured to generate a first cur-
rent. The current mirror circuit is coupled to the current sink
through the switch and configured to generate a second cur-
rent based on the first current. Moreover, the output signal is
generated based on at least information associated with the
second current. For example, the system is implemented
according to at least FIG. 8.

According to yet another embodiment, a method of driving
a transistor includes receiving an input signal, a first bias
voltage and a second bias voltage, processing information
associated with the input signal, the first bias voltage and the
second bias voltage, and generating a first current based on at
least information associated with the input signal, the first
bias voltage and the second bias voltage. The method further
includes processing information associated with the first cur-
rent, generating a second current based on at least information
associated with the first current, and processing information
associated with the second current. Additionally, the method
includes generating an output signal to drive a transistor
based on at least information associated with the second
current. Moreover, the second current is proportional to the
first current in magnitude. For example, the method is imple-
mented according to at least FIG. 8.

For example, some or all components of various embodi-
ments of the present invention each are, individually and/or in
combination with at least another component, implemented
using one or more software components, one or more hard-
ware components, and/or one or more combinations of soft-
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ware and hardware components. In another example, some or
all components of various embodiments of the present inven-
tion each are, individually and/or in combination with at least
another component, implemented in one or more circuits,
such as one or more analog circuits and/or one or more digital
circuits. In yet another example, various embodiments and/or
examples of the present invention can be combined.

Although specific embodiments of the present invention
have been described, it will be understood by those of skill in
the art that there are other embodiments that are equivalent to
the described embodiments. Accordingly, it is to be under-
stood that the invention is not to be limited by the specific
illustrated embodiments, but only by the scope of the
appended claims.

What is claimed is:

1. A system for driving a transistor, the system comprising:

a floating-voltage generator configured to receive a first

bias voltage and generate a floating voltage, the floating-
voltage generator being further configured to change the
floating voltage if the first bias voltage changes and to
maintain the floating voltage to be lower than the first
bias voltage by a first predetermined value in magnitude;

a first driving circuit configured to receive an input signal,

the first bias voltage and the floating voltage; and

a second driving circuit configured to receive the input

signal, a second bias voltage and a third bias voltage, the
first driving circuit and the second driving circuit being
configured to generate an output signal to drive a tran-
sistor;

wherein:

the first driving circuit includes a first driving transistor,
the first driving transistor being configured to receive
the first bias voltage and a first gate signal, the first
gate signal being associated with at least the input
signal, the first bias voltage, and the floating voltage;

the second driving circuitincludes a second driving tran-
sistor, the second driving transistor being configured
to receive the third bias voltage and a second gate
signal, the second gate signal being associated with at
least the input signal, the second bias voltage, and the
third bias voltage; and

the first driving transistor and the second driving tran-
sistor are further configured to generate the output
signal;

wherein:

if the first driving transistor is turned on by the first gate
signal, the second driving transistor is turned off by
the second gate signal; and

if the first driving transistor is turned off by the first gate
signal, the second driving transistor is turned on by
the second gate signal.

2. The system of claim 1 wherein:

the floating-voltage generator includes a reference-voltage

generator and a current sinking component;

wherein:

the reference-voltage generator is configured to receive the

first bias voltage and generate a reference voltage; and
the current sinking component is configured to receive the
reference voltage and generate the floating voltage.

3. The system of claim 2 wherein the reference-voltage
generator is further configured to change the reference volt-
age if the first bias voltage changes and to maintain the ref-
erence voltage to be lower than the first bias voltage by a
second predetermined value in magnitude.

4. The system of claim 3 wherein the second predetermined
value is different from the first predetermined value.
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5. The system of claim 1 wherein the first driving circuit
and the second driving circuit are further configured to
change the output signal from the third bias voltage to the first
bias voltage and from the first bias voltage to the third bias
voltage.

6. The system of claim 1 wherein the third bias voltage is
ground.

7. The system of claim 1 wherein the first driving transistor
is a P-channel field effect transistor.

8. The system of claim 7 wherein the second driving tran-
sistor is an N-channel field effect transistor.

9. A method for driving a transistor, the method compris-
ing:

receiving a first bias voltage;

processing information associated with the first bias volt-

age;

generating a floating voltage based on at least information

associated with the first bias voltage;

receiving an input signal, the first bias voltage, a second

bias voltage, a third bias voltage, and the floating volt-
age;

processing information associated with the input signal,

the first bias voltage, the second bias voltage, the third
bias voltage and the floating voltage; and

generating an output signal to drive a transistor based on at

least information associated with the input signal, the
first bias voltage, the second bias voltage, the third bias
voltage and the floating voltage;

wherein the process for generating the floating voltage

based on at least information associated with the first

bias voltage includes:

changing the floating voltage if the first bias voltage
changes; and

maintaining the floating voltage to be lower than the first
bias voltage by a predetermined value in magnitude.

10. A method of driving a transistor, the method compris-
ing:

receiving an input signal, a first bias voltage and a second

bias voltage;
processing information associated with the input signal,
the first bias voltage and the second bias voltage;

generating a first current based on at least information
associated with the input signal, the first bias voltage and
the second bias voltage;

processing information associated with the first current;

generating a second current based on at least information

associated with the first current;

processing information associated with the second current;

and

generating an output signal to drive a transistor based on at

least information associated with the second current;
wherein:
the second current is proportional to the first current in
magnitude.

11. The method of claim 10 wherein the process for gen-
erating an output signal to drive a transistor based on at least
information associated with the second current includes:

changing the output signal from the second bias voltage to

the first bias voltage; and

changing the output signal from the first bias voltage to the

second bias voltage.

12. A system for driving a transistor, the system compris-
ing:

avoltage generator configured to receive a first voltage and

generate a second voltage, the voltage generator being
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further configured to change the second voltage in
response to the first voltage changing and to maintain the
second voltage to be lower than the first voltage by a first
predetermined value in magnitude;
afirst drive circuit configured to receive an input signal, the
first voltage and the second voltage; and
asecond drive circuit configured to receive the input signal,
athird voltage and a fourth voltage, the first drive circuit
and the second drive circuit being configured to generate
an output signal to drive a transistor;
wherein:
the first drive circuit includes a first driving transistor,
the first driving transistor being configured to receive
the first voltage and a first gate signal, the first gate
signal being associated with at least the input signal,
the first voltage, and the second voltage;
the second drive circuit includes a second driving tran-
sistor, the second driving transistor being configured
to receive the fourth voltage and a second gate signal,
the second gate signal being associated with at least
the input signal, the third voltage, and the fourth volt-
age; and
the first driving transistor and the second driving tran-
sistor are further configured to generate the output
signal;
wherein:
in response to the first driving transistor being turned on,
the second driving transistor is configured to be turned
off; and
in response to the first driving transistor being turned off,
the second driving transistor is configured to be turned
on.
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13. The system of claim 12 wherein:

the voltage generator includes a reference generator con-
figured to generate a reference voltage; and

the reference generator is further configured to change the
reference voltage in response to the first voltage chang-
ing and to maintain the reference voltage to be lower
than the first voltage by a second predetermined value in
magnitude.

14. A method for driving a transistor, the method compris-

ing:

receiving a first voltage;

processing information associated with the first voltage;

generating a second voltage based on at least information
associated with the first voltage;

receiving an input signal, the first voltage, a third voltage,
a fourth voltage, and the second voltage;

processing information associated with the input signal,
the first voltage, the third voltage, the fourth voltage and
the second voltage; and

generating an output signal to drive a transistor based on at
least information associated with the input signal, the
first voltage, the third voltage, the fourth voltage and the
second voltage;

wherein the process for generating the second voltage
based on at least information associated with the first
voltage includes:
changing the second voltage in response to the first

voltage changing; and
maintaining the second voltage to be lower than the first
voltage by a predetermined value in magnitude.

#* #* #* #* #*



